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ABSTRACT: Catalytic trifluoromethylation of aryl- and
vinylboronic acids by 2-cyclopropyl-1-(trifluoromethyl)benzo-
[b]thiophenium triflate is described. In the presence of a
catalytic amount of CuOAc and 2,4,6-collidine in ethyl acetate,
the reaction proceeded in good to high yields for various
substrates under mild reaction conditions at room temperature.

Organofluorine compounds have been increasingly recog-
nized as crucial contributors in specialty materials and the

pharmaceutical and agrochemical industries over the past
decade.1 In particular, trifluoromethylated aromatic (CF3Ar)
compounds are widely used in a key component of drugs on
the market such as cinacalcet and fipronil.1e,2 More recently,
they have been sought after as key functional units of
asymmetric catalysts and ligands for organic reactions.3 Since
simple CF3Ar derivatives are popular as raw materials, an
efficient and scaleable synthesis of CF3Ar compounds using
inexpensive reagents is required.4 On the other hand, direct
introduction of a CF3 group into aromatic compounds is
suitable in a late stage of the synthetic sequence.5,12 Late-stage
direct trifluoromethylation using a shelf-stable trifluoromethy-
lation reagent appears to be highly advantageous for drug
discovery strategies by allowing novel pharmacophores to be
devised, synthesized, and screened. In this context, shelf-stable
electrophilic trifluoromethylation reagents have been the focus
of attention, and several types of reagents have been reported,
including reagents by Yagupol’skii,6 Umemoto,7 Shreeve,8 and
Togni.9 We also reported original reagents, (trifluoromethyl)-
sulfoximinium and 5-thiophenium salts.10,11 The amount of
literature published using Umemoto reagent I and Togni
reagent II has been rapidly growing in recent years, and a
variety of trifluoromethylation reactions have been possible by
many researchers using these reagents.12,14 On the other hand,
the utility of our reagent III has been somewhat limited to the
electrophilic trifluoromethylation of Csp3-carbon nucleophiles
such as β-keto esters and dicyanoalkylidenes,11 and they are not
effective for trifluoromethylation of Csp2-carbon such as
aromatic compounds and vinylic compounds, due to the
instability under the coupling conditions.13 In 2013, Med́ebielle
and co-workers carefully investigated the electrochemical
behavior of Umemoto reagent I, Togni reagent II, and our
sulfonium-based reagents, including III, in anhydrous acetoni-
trile, N,N-dimethylformamide (DMF), and methanol using
cyclic voltammetry.13 That study found that Umemoto reagent
I and our reagent III were superior electron acceptors and were
likely to be better sources of trifluoromethyl radical(s)
generated upon electrochemical reduction. However, in

contrast to Umemoto reagent I and Togni reagent II, our
reagent III is unstable in DMF, inducing ring-opening of III to
IV (Scheme 1a). This could be one of the reasons for the
limitation of III11 despite its superior electron-acceptor
property.13

Toward expanding the utility of III, we envisaged that this
problem could be simply overcome by selecting a suitable
solvent for target transformations. We disclose herein the
copper-catalyzed trifluoromethylation of aryl- and vinylboronic
acids 1 using our reagent III, 2-cyclopropyl-1-(trifluoromethyl)-
benzo[b]thiophenium triflate (2). As expected, the choice of
solvent was found to be key to the success of the reaction, and
conditions consisting of a catalytic amount of CuOAc and
2,4,6-collidine in ethyl acetate were effective for trifluorome-
thylation of various arylboronic acids 1 to provide correspond-
ing CF3 compounds 3 in good to high yields under mild
reaction conditions. The method was also found to be
applicable for trifluoromethylation of vinylboronic acids 1
(Scheme 1b).
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Scheme 1. (a) Electrophilic Reagents I−III. (b) Copper-
Catalyzed Trifluoromethylation of Boronic Acids with 2
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The optimization of the trifluoromethylation conditions was
carried out using 4-biphenylboronic acid (1a) with 2 as a model
reaction (Table 1). We first attempted the trifluoromethylation
of 1a under the best conditions for a similar aromatic
trifluoromethylation reaction using Umemoto reagent I
reported by Liu and co-workers;14 a catalytic amount of
CuOAc (20 mol %) and 2,4,6-collidine L1 (2.0 equiv) in N,N-
dimethylacetamide (DMAc) at room temperature. The desired
CF3 product 3a was produced in 43% yield determined by 19F
NMR spectroscopy with an internal standard in the reaction
condition (run 1), while a substantial amount of ring-opening
SCF3 compound 4 was also detected in 54% yield. Under the
same reaction conditions, but in DMF, product 3a was
obtained in 49% yield with 49% of SCF3 compound 4 (run
2). In acetonitrile, the ring opening of 2 to 4 was a major
reaction (96%), and the trifluoromethylation was detected only
in 5% (run 3). Further solvent screening served as an additional
approach, since we anticipated the dielectric constant of solvent

(εr)
15 and basicity of the solvent (SB)16 might affect the

reactivity, solubility, and stability of the reagent 2 (runs 1−10).
Interestingly, the use of ethyl acetate was most effective for this
transformation to yield 3a in 74% yield, and the ring-opening of
2 to 4 was reduced to 32% (run 10). Ethyl acetate has a
medium dielectric constant (6.08), while that of DMAc (38.8)
and DMF (38.3) are much higher, and those of diethyl ether
(4.27) and 1,4-dioxane (2.22) are lower. The higher dielectric
constant of the solvent might break an intimate ion pair of
thiophenium and the triflate of 2 by solvation to induce the
ring-opening of 2 to 4. On the other hand, the basicity of
solvent (SB) did not seem to be closely related to the reactivity
and stability of 2. Since ethyl acetate was found to be suitable
for this reaction, we next screened ligands for this reaction
(runs 11−17). The ligand screening revealed that other ligands,
L2−L8, dramatically decreased the formation of 3a. In
particular, the ligands L4−L6 significantly inhibited the
formation of 3a, while the ring-opening of 2 was detected in

Table 1. Optimization of the Copper-Catalyzed Trifluoromethylation of 4-Biphenylboronic Acid 1a with 2a

solvent

run CuX L εr
b SB yieldc (%)

1 CuOAc L1 DMAc 38.8 0.650 43 (54)
2 CuOAc L1 DMF 38.3 0.613 49 (49)
3 CuOAc L1 acetonitrile 36.6 0.286 5 (96)
4 CuOAc L1 THF 7.52 0.591 54 (41)
5 CuOAc L1 diethyl ether 4.27 0.562 27 (56)
9 CuOAc L1 DME 7.30 48 (58)
7 CuOAc L1 1,4-dioxane 2.22 0.444 56 (47)
8 CuOAc L1 CH2Cl2 8.99 0.178 43 (59)
9 CuOAc L1 ClCH2CH2Cl 10.4 0.126 29 (69)
10 CuOAc L1 ethyl acetate 6.08 0.542 74 (32)
11 CuOAc L2 44 (57)
12 CuOAc L3 15 (57)
13 CuOAc L4 4 (79)
14 CuOAc L5 0 (69)
15 CuOAc L6 0 (92)
16 CuOAc L7 37 (11)
17 CuOAc L8 22 (47)
18d CuOAc L1 25 (75)
19e CuOAc L1 45 (38)
20 CuCl L1 55 (38)
21 CuBr L1 36 (52)
22 CuI L1 10 (88)
23 (Cu(OTf))2-toluene L1 39 (90)
24 CuTcf L1 69 (16)
25g CuOAc L1 77 (37)
26g,h CuOAc L1 87 (34)

aReaction conditions: 1a (0.25 mmol), 2 (0.33 mmol), CuX (20 mol %), ligand (0.50 mmol), solvent (1.25 mL), rt, 20 h, under N2 atmosphere.
bT

= 293.2 K. c19F NMR yields of 3a with PhF (0.75 mmol) as an internal standard and the values in parentheses are 19F NMR yields of 4. dL1 (0.10
mmol), NaOAc (0.50 mmol) were used. eL1 (0.10 mmol), K2CO3 (0.50 mmol) were used. fCuTc = Cu-thiophene-2-carboxylate. g2 (0.38 mmol)
was used. hL1 (0.63 mmol) was used.
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69−92% yield (runs 13−15). These ligands presumably act as a
base as well to catalyze the ring-opening reaction of 2 to 4,
while ligands L1−L3, L7, and L8, having neighboring alkyl
groups on the nitrogen atom, do not behave as a strong base
due to steric hindrance. This is supported by the fact that yields
decreased to 25−45% after the addition of a base such as
NaOAc and K2CO3 (runs 18 and 19). We further optimized the
copper catalyst. Copper halides such as CuCl, CuBr, and CuI
gave lower yields of 3a (runs 20−22). CuTc gave yields
comparable to those with CuOAc. Finally, a slight increase in
the amount of 2 and L1 improved the yield of 3a to 77−87%
(runs 25 and 26).
With the optimized conditions in hand (Table 1, run 26), we

explored the scope of the trifluoromethylation reaction with
diverse aryl- and vinylboronic acids 1. The results are
summarized in Scheme 2. It was found that various aryl- and

vinylboronic acids were trifluoromethylated to the desired
products 3 in modest to high yields. Simple phenylboronic
acids 1a−c were transformed into the trifluoromethylated
products 3a−c in high yields. Arylboronic acids 1d−h bearing
an electron-donating group (OMe) reacted smoothly in-
dependent of the number of MeO groups as well as its
position on the aromatic ring to provide 3d−h. Substrates 1i−
m with electron-withdrawing groups (NO2, CN, carbonyl, and
ester) on the benzene ring were also acceptable, and the
corresponding trifluoromethylated compounds 3i−m were

obtained in good yields. Amide substituents on the aryl moiety
1n,o were also tolerated during the reaction, although the free
amide derivative 3n was obtained in 33% yield. We confirmed
that vinylboronic acids 1p,q also were converted effectively into
trifluoromethyl vinyl products 3p,q in 63−75% yields. In
addition, the heteroaryl substrate, 2- and 3-benzothiophenebor-
onic acid 1r,s, 2-benzofuranboronic acid 1t, and dibenzofur-
anboronic acid 1u were trifluoromethylated with 2, with good
yields of 35−55% for 3r−u. Moreover, 2-indoleboronic acid 1v
and 5-pyridneboronic acid 1w were applicable for the
trifluoromethylation reaction under the same conditions to
provide 3v and 3w, respectively. We finally found that
trifluoroborate 1x, instead of boronic acids, was also tolerated
in the trifluoromethylation reaction under the same conditions,
although the yield of 3x was rather low of 35%.
In order to understand the solvent effect on this trans-

formation, we further examined the stability of 2 in each solvent
(Table S1, Supporting Information). Interestingly, in spite of
the moderate yields of 3a obtained in amide solvents (43% in
DMAc and 49% in DMF, runs 1 and 2, Table 1), a prompt
ring-opening of 2 to 4 was observed in DMAc (61%) and in
DMF (100%) for 1 h (runs 1 and 2, Table S1, Supporting
Information).13 On the other hand, 2 is rather stable in other
solvents (runs 3−10, Table S1, Supporting Information), but
the yields of 3a in these solvents were widely varied (runs 3−
10, Table 1); for example, in acetonitrile, chlorinated solvents
(CH2Cl2, ClCH2CH2Cl) and ethyl acetate (runs 3, 8−10 in
Table S1 (Supporting Information) vs runs 3 and 8−10 in
Table 1). The stability of 2 was further investigated with
selected solvents in the presence of ligand L1 (Table 2). We

confirmed that the ring-opening of 2 to 4 is significantly slower
in ethyl acetate (run 4) compared to ring-opening in DMAc,
acetonitrile, and CH2Cl2 (runs 1−3). The results were closely
related to the solubility of 2 in solvents (Table 3). Moreover,
the solubility of 2 is highly related to the dielectric constant of

Scheme 2. Scope of the Substratesa,b

aReaction conditions: 1 (0.25 mmol), 2 (0.38 mmol), CuOAc (20 mol
%), 2,4,6-collidine (0.63 mmol), ethyl acetate (1.25 mL), rt, 20 h,
under nitrogen atmosphere. bIsolated yield. cE/Z = 33/1. dE/Z = 50/
1. e19F NMR yield with PhF (0.75 mmol) as an internal standard.

Table 2. Ring-Opening of 2−4 under Basic Conditionsa,b

yield of 4b (%)

run solvent 1 h 5 h 10 h 20 h

1 DMAc 94 100 100 100
2 acetonitrile 85 100 100 100
3 CH2Cl2 68 100 100 100
4 ethyl acetate 6 18 18 19

aReaction conditions: 2 (0.10 mmol), L1 (0.15 mmol), PhCF3 (0.10
mmol), solvent (0.5 mL), rt, under N2 atmosphere.

b19F NMR yields
with an internal standard PhCF3.

Table 3. Solubility and Stability of 2a

run solvent solubility of 2 + 4b (%) εr
c

1 DMAc 100 (2/4 = 0/100) 38.8
2 acetonitrile 100 (2/4 = 100/0) 36.6
3 CH2Cl2 8 (2/4 = 3/1) 8.99
4 ethyl acetate <3 (2/4 = 100/0) 6.08

aExperimental conditions: 2 (0.10 mmol), PhCF3 (0.10 mmol),
solvent (0.5 mL), rt, 1 h, under N2 atmosphere. bAnalyzed by 19F
NMR with PhCF3 as an internal standard. cT = 293.2 K.
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solvent (εr). These results indicate that the ring-opening of 2 to
4 should be promoted by the ligand as a base, but the poor
solubility of 2 in ethyl acetate affected the inhibition of this
ring-opening. In addition, the coordination of solvent such as
DMF and DMAc to copper is a positive factor to promote the
coupling reaction. Based on these results, we concluded that
ethyl acetate would have the suitable balance of poor solubility
(= good stability) of 2 and coordination ability (= reactivity),
although it needs greater discussion.
In summary, we have developed a copper-catalyzed

trifluoromethylation reaction of aryl-, heteroaryl-, and vinyl-
boronic acids 1 with 2-cyclopropyl-1-(trifluoromethyl)benzo-
[b]thiophenium triflate (2). The reaction proceeds under mild
conditions and tolerates various substrates having electron-
donating or electron-withdrawing groups and a heteroaryl
group. Selection of the solvent such as ethyl acetate allowed the
aromatic trifluoromethylation of boronic acids, which was
previously problematic, to be realized. Trifluoroborate was also
useful as a coupling partner of this transformation. Until now,
reagent 2 has not been actively researched due to its instability
in some solvents.11,13 We expect reagent 2 to become more
popular for other types of trifluoromethylation reagents after
solvent screening.
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Rodríguez, J. G. Liebigs. Ann. Chem. 1996, 1785.

Organic Letters Letter

DOI: 10.1021/acs.orglett.5b00164
Org. Lett. 2015, 17, 1632−1635

1635


